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[57) ABSTRACT

A system for controlling exhaust gas recirculation in an

internal combustion engine, comprising means for per-
forming exhaust gas recirculation in a first required
value when an engine temperature is at a first predeter-
mined level or higher, means for stopping exhaust gas
recirculation when said engine temperature reaches a
second predetermined level or lower, the second prede-
termined level being lower than the first predetermined
level, and means for performing exhaust gas recircula-
tion in a second required value which is lower than the
first required value, within a temperature range be-
tween first and second predetermined levels, the second
required value increasing as a function of the engine
temperature in response to increase in the engine tem-
perature, thereby preventing exhaust gas recirculation
from being abruptly carried out in large amounts so as
to improve the driveability of 2 motor vehicle on which
the engine is mounted.

8 Claims, 3 Drawing Figures
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SYSTEM AN METHOD FOR CONTROLLING
EGR IN INTERNAL COMBUSTION ENGINE

BACKGROUND OF THE INVENTION 5

This invention relates to an exhaust gas recirculation
(EGR) control system in an internal combustion engine,
and more particularly to an EGR control system of the
type associated with a control umit in which a required
value of exhaust gas recirculation at a first predeter-
mined engine temperature is previously memorized as a
function of some engine operating parameters, which
systerm is so arranged that exhaust gas recirculation 1s
stopped when the engine temperature 1s below a second
nredetermined engine temperature which is lower than
the first predetermined engine temperature,

In connection with a known EGR control system of
the above-menticned type, a required value of exhaust
gas recirculation at a high engine coclant temperature
such as 8° C. is previously memorized in a control unit 20
as a function of, for example, the pulse width for con-
trolling fuel injection, which pulse widih corresponding
to an engine speed and an intake air amount. The engie
coolant temperature is sensed by an engine coolant
temperature sensor. Such EGR conirol system is so 25
arranged that the exhaust gas recirculation is stopped
when the engine coolant temperature 1$ at a certain low
level such as one below 35° C., whereas the exhaust gas
recirculation 1s carrizd out in the required value when
the engine coolant temperature exceeds 35° C. 30

In this regard, this EGR control system has encoun-
tered a problem in that exhaust gas recirculation in large
amounts abruptly begins to be formed when the engine
coolant temperature exceeds 35° C. This causes ‘com-
bustion in the engine to deteriorate, which results in 35
degradation in driveability of 2 motor vehicle on which
the engine 1s amounted.

SUMMARY OF THE INVENTION

Accordmg to the present invention, exhaust gas recir- 40
culation is performed in a first required value when an
engine temperature is at a first predetermined level or
higher, and the exhaust gas recirculation 1s stopped
when the engine temperature reaches a second prede-
termined level or iower, the second predetermined level 45
being lower than the firsi predetermined ievel. Addi-
tionally, the exhaust gas recirculation 1s performed in a
second required value lower than the first required
value, within a temperature range between first and
second predetermined levels, the second predetermined 50
value mcreasimg as 2 junction of the engine temperature
In response to increase i the engine temperature.

A main object of the present invention 15 10 provide
an improved system and method for controlling exhaust
gas recirculation, in an iniernal combustion engine, by 55
which exhaust gas reciiculaiion does not cause degrada-
tion in driveabiiity of a2 motor vethicle on which the
engine is mounied.

Another object of the present invention to provide an
improved system and method for controlling exhaust 60
oas recirculation in an internal combustion engineg, by
which exhaust gas recirculation can be prevented from
being abruptly carried out 1p large amounts so as to
improve the driveabiitty of a motor vehicle on which
the engine 15 mounted. 65

A further object of the present invention 1s to provide
an improve sysiem and method for conirolling exhaust
gas recirculation i a motor vehicle, by which stable
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engine running is maintained even when exhaust gas
recirculation begins to be carried out upon an engine
temperature reaching a predetermined level.

Other objects, features and advantages of the present
invention will be more apparent from the following
description when taken in conjunction with the accoms-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an exhaust gas
recirculation control system to which the present inven-

. tion s applied;

FIG. 2. is a graph showing the variation of coetficient
of correction of a required exhaust gas recirculation
value on varying engine coolant temperature; and

FIG. 3 is a graph showing the variation of engine
coolant temperature at which exhaust gas rectrculation
starts on engine coolant temperatures at engine star{ing.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now 10 FIG. 1 of the drawings, an exhsust
gas recirculation (EGR) system according to the pres-
ent invention is shown incorporated with an internal
combustion engine 10 which is provided with an intake
air conduit or passageway 12 and an exhaust gas condut
or passageway 14. The intake air and exhaust gas pas-
sageways 12 and 14 are communicable through an cx-
haust gas recirculation control value 16, by which a part
of exhaust gas flowing through the exhaust gas passage-
way 14 is recirculated back or supplied to the intake air
passageway 12 when required. The intake passageway
12 is provided with an air filter 18 to purify atmospheric
air inducted into the engine 10. An air flow meter 20 s
disposed in the intake air passageway 12 downstream of
the air filter 18 to measure the air amount flowing
through the intake air passageway 12. A throttle valve
22 is rotatably disposed in the intake passageway 12
downstream of the air flow meter 20 so as to control the
air flow amount passing through the intake air passape-
way 12. A fuel injector 24 is disposed in the mtake
passageway 12 immediately upstream of the engine 10
in order to inject metered fuel to be supphed to the
engine 10. An idle control valve 26 is fluidly connected
to the intake air passageway 12 to control air required
for idling. An air regulator 28 is also fluidly connected
to the intake passageway 12 to control air supplied
downstream of the throttle valve 22. A catalytic con-
verter 30 is disposed in the exhaust gas passageway 14
to oxidize and reduce the noxious constituents in the
exhaust gases passing through the exhaust gas passage-
way 14.

A control unit 32 is provided to process various ii-
puts and to electrically and indirectly control the EGK
control valve 16 and the fuel injection from the fuel
injector 24. The various inputs, in this case, consist of an
air flow amount output signal S; from the air flow meter
20, an output signal S; from a throttle vaive switch 34
operatively connected to the throttle valve 24, an out-
put signal Si from an engine coolant temperature sensor
36 disposed in an engine coolant passage {no numerai}
formed in the engine 10, an output signal S4 from an
oxygen sensor 38, an output signal Ss from a vehicie
speed sensor 40 installed in connection with the ouipat
shaft of a transmission 42, and a crank angle cuiput
signal Sg from a crank angle sensor 44 for sensing the
rotation of an engine crankshaft 46.
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A vacuum regulator 48 for controlling the opening
and closing of the EGR control valve 16 comprises a
constant-vacuum valve 50 and a pulse-operated electro-
magnetic valve 52 associated with the valve §0. The
constant-vacuum valve 50 functions to obtain a constant
vacuum by modifying intake vacuum introduced into
the constant-vacuum valve 50 from the intake air pas-
sageway 12. The electro- magnetic valve 32 i1s con-
structed and arranged to receive square wave signals
from the control unit 32. The opening and closing time
periods of the electro-magnetic valve 52 are controlled
in accordance with the variations of duty ratio of the
square wave signals, i.e., the instantaneous rate of ON
and OFF times of the square signals within a certain
time period, by which the vacuum developed in the
constant-vacuum valve 48 is suitably diluted with air
from the intake air passageway 12 so as to supply a
desired vacuum to a vacuum operating chamber (no
numeral) of the EGR control valve 16. The vacuum
supplied to the vacuum operating chamber decides the
opening degree of the EGR control valve 16 so as to
control the exhaust gas recirculation from the exhaust
gas passageway 14 to the intake air passageway 12.

Now, a method for controlling the exhaust gas recir-
culation in accordance with the present invention will
be explained hereinafter with reference to FIG. 2 and in
connection with FIG. 1. As described above, the tem-
perature of the engine coolant is sensed by the tempera-
ture sensor 36 and the signal of the temperature is sup-
plied to the control unit 32. The control unit 32 previ-
ously memorizes a required value of exhaust gas recir-
culation, at 80° C. of the coolant temperature, corre-
sponding to the pulse width by which a fuel injection
amount from the fuel injector 24 is controlled, which
pulse width is decided, for example, in connection with
engine speed and intake air amount. It is to be noted that
a conventional EGR control system similar to that
shown in FIG. 1 is arranged such that the exhaust gas
recirculation in an amount of 100% of the required
value at 80° C. is performed when a coolant tempera-
ture reaches a predetermined level such as 35° C, As a
result, an excess amount of exhaust gas is recirculated
back to the engine, thereby causing degradation in en-
gine running and accordingly in driveability of a motor
vehicle on which the conventmnal EGR control system
is mounted.

In order to prevent that an excess amount of exhaust
gas recirculation is carried out when the engine coolant
temperature is relatively low, according to the present
invention, command signals from the control umt 32 to
the electromagnetic valve 52 is are corrected as a func-
tion of the coolant temperature so that the exhaust gas
recirculation amount at a relatively low temperature 1s
decreased as compared with that at 80° C. of the engine
coolant temperature. An example of such a method is
shown in FIG. 2 in which coefficient of correction for
exhaust gas recirculation is indicated. As appreciated
from FIG. 2, the duty ratio of the electromagnetic valve
52 is decided so that the exhaust gas recirculation
amount at 35° C. in the engine coolant temperature is
77% of the required value or exhaust gas recirculation
amount at 80° C. in the engine coolant temperature.
When the coolant temperature is below 35° C,, exhaust
gas recirculation is not carried out as in a conventional
technique. In case of FIG. 2, the control unit 32 gener-
ates command signals causmg that the duty ratio of the
electromagnetic valve 52 is decided so that the coeffici-
ent of correction values as an equation of the first de-
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gree relative to the coolant temperature, from the coef-
ficient of 0.77 at 35° C. in the coolant temperature to the
coefficient of 1.0 at 64° C. in the coolant temperature.
Such variation of the coefficient of correction can be
processed in the control unit 32. Otherwise, the coeffici-
ent of correction may be processed to vary as a curved
line by means of ROM in the control unit 32. It will be
understood that it is advantageous from a stand point of
simplification of construction of the control unit 32 to
vary the duty ratio of the electromagnetic valve 32
relative to the variation of the engine coolant tempera-
ture.

As appreciated from the above, in accordance with
the present invention, when the engine coolant temper-
ature is relatively low, leaking of the vacuum applied to
the EGR control valve 16 decreases. Accordingly, the
opening degree of the EGR control valve 16 decreases
to reduce the amount of exhaust gas recirculation. This
prevents degradation in driveability of the motor vehi-

_cle caused by an excess amount of recirculated exhaust

gas.

While the exhaust gas recirculation is has been shown
and described as arranged to start regardless of engine
coolant temperatures at engine starting when the engine
coolant temperature reaches 35° C. in the case of FIG.
2, another exhaust gas recirculation starting manner will
be explained with reference to FIG. 3 in which a setting
temperature at which exhaust gas recirculation starts 1s
raised when the engine coolant temperature at engine
starting is low, in other words, the starting of the ex-
haust gas recirculation is delayed when ambient air
temperature is low.

In case of an example of FIG. 3, the engine coolant
temperature at engine starting is sensed and memorized
previously in the control unit 32. Additionally, a re-
quired exhaust gas recirculation value at a high engine
coolant temperature such as 80° C. is previously memo-
rized in the control unit 32 as a function of the pulse
width corresponding to engine speed and intake air
amount. Now, engine coolant .temperatures at which
the exhaust gas recirculation start are, for example,
decided as shown in FIG. 3 with respect to engine
coolant temperatures at engine starting, in which ex-
huast gas recirculation starts at 45° C. in the engine
coolant temperature when the engine coolant tempera-
ture at engine starting is 10° C. The exhaust gas recircu-
lation always starts at 35° C in the engine coolant tem-
perature when the engine coolant temperature at engine
starting is 18° C. or higher. It is possible to vary as an
equation of the first degree the engine coolant tempera-

~ tures for starting exhaust gas recirculation within a
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range between two predetermined engine coolant tem-
peratures at which engine start. It will be understood
that after the engine coolant temperature reaches a level
at which exhaust gas recirculation starts, the amount of
exhaust gas recirculation may be, for example, con-
trolled in a value which is obtained by multiplying a
required value of exhaust gas recirculation at 80° C. by
the coefficient of correction as illustrated in connection
with FIG. 1. As appreciated from the above, the tem-
perature at which exhaust gas recirculation starts is
considerably raised when the engine coolant tempera-
ture at which engine starts is low. In other words, start-
ing of exhaust gas recirculation can be delayed when
ambient temperature 1s low.

While the engine coolant temperature at which ex-
haust gas recirculation starts has been described as set at
35° C. in the above-mentioned examples, it will be un-
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derstood that the same temperature may be higher or
lower than 35° C,, for example, 40° C. or 50° C., de-
pending upon Kkinds of engines.
What 1s claimed is:
1. A system for controlling exhaust gas recirculation
in an internal combustion engine, comprising:
means for performing exhaust gas recirculation in a
first required value when an engine temperature is
at a first predetermined level or higher;
means for stopping exhaust gas recirculation when
said engine temperature reaches a second predeter-
mined level or lower, said second predetermined
level being lower than said first predetermined
level:
means for performing exhaust gas recirculation in a
second required value which is lower than said first
required value, within a temperature range be-
tween said first and second predetermined levels,
said second required value increasing as a function
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exhaust gas recirculation as a function of engine speed
and engine load.
5. A method for controlling exhaust gas recirculation
in an internal combustion engine, comprising:
performing exhaust gas recirculation in a first re-
quired value when an engine temperature 1s at a
first predetermined level or higher;
stopping exhaust gas recirculation when said engine
temperature reaches a second predetermined level
or lower, said second predetermined level being
lower than said first predetermined level;
performing exhaust gas recirculation in a second re-
quired value which is lower than said first required
value, within a temperature range between said
first and second predetermined levels, said second
required value increasing as a function of said en-
gine temperature in response to increase in said
engine temperature.
6. A method as claimed in claim §, further comprising

of said engine temperature in response to increase 20 the step of performing exhuast gas recirculation in said

in said engine temperature.

2. A system as claimed in claim 1, further comprising
means for performing exhaust gas recirculation in said
first required value when said engine temperature
reaches a third level which is higher than said second
predetermined level and lower than said first predeter-
mind level.

3. A system as claimed in claim 2, further comprising
mens for increasing a setting temperature for starting
exhaust gas recirculation in accordance with lowering
in said engine temperature at engine starting when said
second predetermined level is at a fourth predetermined
level or lower, said fourth predetermined level being
lower than said second predetermined level.

4. A system as claimed in claim 1, further comprising
a control unit for memorizing said first required value of
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first required value when said engine temperature
reaches a third level which is higher than said second
predetermined level and lower than said first predeter-
mined level.

7. A method as claimed in claim 6, further comprising
the step of increasing a setting temperature for starting
exhaust gas recirculation in accordance with lowering
in said engine temperature at engine starting when said
engine temperature is lower than a fourth predeter-
mined level which is lower than said second predeter-
mined level.

8. A method as claimed in claim §, further comprising
the step of memorizing in a control unit said first re-
quired value of exhaust gas recirculation as a function of

engine speed and engine load.
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